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INTRODUCTION
Recently, several articles were published on the observational and non-technical assessment of the movement control capacity of persons with neck pain. Movement control capacities were defined as the ability to perform active movements while maintaining a harmonic alignment of the cervical segments with an appropriate muscle response (Elsig et al. , 2014) .
Movement control or proprioception is different in persons with neck pain compared to persons without neck pain (Stanton et al. , 2015) .
There exist different movement control tests, either as single tests or as test batteries, for the neck: a) tests for joint position sense (e.g. relocation tests to the neutral head position (Revel et al. , 1991) or to another predefined position (Strimpakos et al. , 2006) ), b) tests assessing muscle activation patterns (e.g. the craniocervical flexion test or neck extensor muscles activation (Schomacher and Falla, 2013) ) c) individual observational movement control tests (Sahrmann, 2010) , d) oculomotor tests (Treleaven, 2008 ) (e.g. the Smooth Pursuit Neck Torsion Test (Della Casa et al. , 2014) ), e) tests for postural stability (e.g. the modified sensory organization test (Treleaven, 2008) . Most of the studies used devices for the assessment of movement control.
Although physiotherapists often observe movement control capacities, either using nonstandardized tests such as observing activities of daily living, or using standardized tests, such as tests proposed by (Sahrmann, 2010) , only few studies evaluated measurement properties of observational tests. Before such tests can be recommended in practical use, they should fulfil several requirements: 1) Reliability, 2) Known group discrimination (are measures different in patients compared to healthy persons) and 3) Information should be available on how to combine different tests. There exist different possibilities how to combine individual tests: a) combination with a logistic regression formula, b) indices with statements such as "three out of ten should be positive...", c) summary scores. The summary score has several advantages, e.g. it is easy to calculate and clinicians can communicate one number. However, there are several assumptions that should be met before using a summary score.
How do observational movement control tests fulfil the requirements of reliability, known group discrimination and information on test combination? Reliability and discriminative ability for some of these was high (Elsig, 2014 , Patroncini et al. , 2014 , Segarra et al. , 2015 .
However, a summary score is frequently build by combining various observations without M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT scientific evidence and therapists decide by pragmatic reasoning whether the observations can be combined. In item response theory, this makes only sense, when the individual tests assess the same construct (i.e. they measure a single underlying characteristic). One method to assess this is Rasch analysis (Tennant and Conaghan, 2007) . Rasch analysis was introduced by George Rasch (Rasch, 1993) . In contrast to classical test theory item response theory includes analysis of measurement properties on item and person level (van der Linden and Hambleton, 2013).
The item level corresponds to item difficulty and the person level to person ability. In order to quantify the distance between person and item location both use the unit "logits". One advantage of using logits is that the resulting Rasch measurement scale is interval scaled. This implies, that the distance in terms of difficulty is the same for all intervals on the scale of difficulty (i.e. one logit represents the same amount of change in difficulty irrespective of the level of difficulty). Therefore, clinicians are able to select movement control test along the measured construct according to their needs. Patients with less abilities on the construct can be measured with less difficult movement control tests and patients with more abilities can be assessed with more challenging tests. Furthermore, the administration of less tests is necessary (i.e. when the tests are administrated in ascending order with regard to their difficulty, clinicians can stop with the examination when the first test is positive, because the following tests are likely to be positive because they are more challenging).
Rasch analysis has been used in different fields, for example within the field of movement control for the development and modification of a balance test (Franchignoni et al. , 2015) or for musculoskeletal problems in a test for shoulder function (van de Water et al. , 2015) . The authors reported, as benefits for clinicians, more precise measurements and a reduced amount of time needed due to a reduced number of tests without losing clinical information.
In summary, Rasch analysis may be of particular importance for clinicians because knowledge of the "difficulty" of each test allows the selection of better targeted tests. Second, with the help of person's ability scores patients can be easily classified with regard to their abilities, which can be important for the monitoring of progression. Third, summary scores of tests can be built without the danger of mixing information of different constructs, which also implies that with the help of Rasch analysis tests can be detected which measure different abilities.
The aims of this study were to evaluate (a) the fit of the tests to the Rasch-model (i.e. to analyse if each individual test provides information about the same construct and that an overall score of the tests also refers to one single construct; (b) the relative difficulty of each
METHODS
Participants
Thirty adults with neck pain (non-traumatic recurrent neck pain for more than six month) and thirty age matched persons without neck pain were recruited. Detailed information can be found in BLINDED. In short, persons with neck pain and symptoms such as feeling instability of the neck, a heavy head or aggravation of the symptoms by sustained postures were included.
Excluded were patients with neurological signs, vertigo, nausea, visual disturbances, traumatic neck pain and neck surgery. The controls never felt neck or upper back pain and never had medical attention or treatment for a neck problem. Participants were recruited in a private practice setting. The study was approved by the local ethical committee and all participants signed their informed consent.
Movement control test
Ten movement control tests were used in this study. Eight of the tests showed good reliability indices (Patroncini, 2014) . Two additional tests, suggested by McDonnell (Sahrmann, 2010) , were included. A case control study showed good discriminative validity of three movement control tests (MC 3, MC 7 and MC 10) (BLINDED). All tests are presented in table 1. 
Overview of analyses
In order to obtain the difficulties of each test on a linear interval-level scale, we applied Rasch analyses with Winsteps, version 3. 90.0 (Linacre, 2006b) . The difficulty of the tests and the abilities of the persons is reported in log of the odds, i.e. logit units. Higher logits indicate higher difficulty of the test or higher ability of the person.
Statistical model and item fit
The Partial Credit Model is a uni-dimensional latent trait model that can be used to analyse ordinal-scaled measurements (Masters, 1982, Masters and Wright, 1997) . Performance of participants on each test was rated on a scale from 0 (not possible), 1 (possible after correction) and 2 (correct performance). By the means of the Rasch analysis, the ordinal rating scale is transformed to a linear interval scale with the units of logits.
Item fit
The fit of the tests to the Rasch model can be assessed with item fit statistics. These are indices, which quantify the amount to which the performance of each movement control test deviates from the expectation of the Rasch model (Bond and Fox, 2015 ). Linacre's guidelines were followed to investigate item fit (Linacre, 2006a) . Firstly, we checked the findings for negative point-biseral correlations. Secondly, outfit mean-square statistics were investigated and lastly infit mean-scare statistics were reviewed. These goodness-of-fit statistics were evaluated according to the rule of thumb that values between 0.5 and 1.7 can be considered as reasonable fit for clinical observations (Wright et al. , 1994) . When tests presented misfit on the above-mentioned statistics and misfit could not be explained by other means, the tests were removed from the pool of tests.
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Metrics and ordering of the item response functions
Item response curves were plotted for all movement control tests. Metrics and ordering of the curves and corresponding item thresholds were investigated for each item response curve. In a statistical sound model the order of the item response curves should remain constant for all persons and have similar shapes (Wilson, 2004) . Targeting, i.e. when the difficulty of the tests is well matched to the ability of the tested persons, was assessed by comparing test and person estimates.
Unidimensionality
Unidimensionality is the concept that only one construct of an object is assessed at a time (Bond and Fox, 2015) , which is a requirement in Rasch analysis. The dimensionality was evaluated with a principal component analysis (PCA) of the standardized residuals from the Rasch analysis (Linacre, 1998) . In order to diagnose a secondary dimension (i.e. reject the assumption of unidimensionality) the secondary dimension needs to have the strength of at least two tests to indicate a secondary dimension within the assessment (i.e. an Eigenvalue larger or equal than two). Furthermore, a contrast plot was searched for deviating tests and pattern to ascertain multidimensionality.
Hierarchy of the tests
Plotting of both the tests along its continuum of the difficulty and the persons along its continuum of their ability on the same axis of the logits allows the evaluation of the fit of the test difficulties to the abilities of the persons (e.g. are the tests too difficult or too easy). This allows the detection of floor-or ceiling effects.
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RESULTS
Overview of the sample
The mean age of the 30 healthy persons was 37.2 years and 36.9 for the 30 persons with neck pain. In each group (healthy and persons with neck pain) were 25 women. Of the persons with neck pain twenty-four (80%) had mild disabilities as assessed with the Neck Disability Index (values below 15 points), five persons (17%) had moderate disability (values between 15 and 24) and one person (3%) had severe disability (score over 24) (Vernon, 2008) . The mean value in the Neck Disability Index was 10.7 (SD: 5.12). The pain intensity at the day of the tests was 3.13 (SD: 2.01) and the pain duration: 76.7 months (SD: 78.04).
Distribution of responses
Person abilities ranged between 3.61 and -0.38 logits. A histogram of the person abilities on the movement control tests can be seen in the person item map (figure 1). 
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Item Fit
Item fit was estimated with point biserial correlations, outfit mean-square and infit meansquare statistics. All statistics are presented in Table 2 . Table 2 M A N U S C R I P T 
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Point-biserial correlation
All point-biserial correlations were positive, indicating that all tests worked in the intended direction. Correlations ranged between 0.13 (MC 9) and 0.62 (MC 10). 
Mean square outfit and infit statistic
Ordering of the item thresholds
One test (MC 9) showed disordered thresholds. Within this test the difficulty estimate for a 1 was appraised as being less difficult compared to the estimate of a 0.
Unidimensionality
The PCA showed that the first residual contrast had an Eigenvalue of 2.3, this accounts for 14.9% of the unexplained variance of the first residual contrast. An Eigenvalue of 2 can be used to indicate a secondary dimension. Analysis of a contrast plot indicated two tests with a deviating pattern (MC 4 and MC 5).
Hierarchy of the tests
All person ability estimates and test difficulty estimates are illustrated on a wright map ( Figure   1 ). Test MC 1 was analysed as having the highest test difficulty (1.13 logits) and test MC 4 as M A N U S C R I P T
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12 having the lowest difficulty (-1.30 logits). The person item map indicated missing tests for persons with higher ability estimates and presented evidence for a ceiling effect of the current test battery of movement control tests. The mean difficulty of the movement control tests was zero logits. Four tests were classified as being more easy and six tests as more challenging to achieve. The person item map indicated missing tests for persons with higher ability estimates (3.61 logits was the highest person ability estimate) and presented evidence for a ceiling effect of the current test battery of movement control tests. This implies that no tests were available to precisely measure persons with abilities between 1.13 and 3.61 logits.
DISCUSSION
The main finding from this investigation is that the targeting of the tests was not optimal for 14% of the patients with neck pain, i.e. there were not enough difficult tests. The tests were not able to detect movement control deficits in persons with higher abilities. In contrast, we have well targeted tests for the persons with lower abilities. However, the included sample had a moderate to low level of disability measured with the NDI. It would be possible that in a sample of persons with acute pain and high disability the targeting of the tests would be better (i.e. there would be no need for more difficult tests).
The Rasch model presented reasonable good fit to the data. However, we were not able to strongly confirm the unidimensionality of the model and some doubts remain with regard to dimensionality. The model scored slightly above the threshold of 2 Eigenvalues for unidimensionality, indicating a possible secondary dimension: Tests MC 4 and MC 5 presented a distinct pattern on a contrast plot. Both tests involve an evaluation of the neck while an arm movement is performed. Both tests were appraised as being to "simple" to challenge the equilibrium of the neck, i.e. not enough reactive moments on the trunk are created that must be countered by opposing postural moments during the movement of the arm (Huxham et al. , 2001 ). During MC 4, persons are asked to elevate their right arm until 90° flexion. This movement does only slightly lead to associated movements in the neck. In contrast, when the arm would be raised to 180°, there would be more associated movements in the neck.
Therefore, it can be assumed that both tests would fall within the dimension "movement control tests of the neck" when they are modified accordingly.
Item fit of the movement control tests was adequate in the infit mean square statistic. Only 
Limitations
From a clinical point of view, the included sample presents considerable heterogeneity with regard to disability and pain duration. One could argue that it would be better to analyse each subgroup separately (i.e. a specific targeting would be available for acute, subacute and chronic patient groups). This was not possible due to the low sample size. However, the current sample is representative of the persons to which the test battery can be applied to in clinical settings.
A sample size of 60 persons can be considered as a small sample for a Rasch analysis resulting in less precise estimates and less powerful fit statistics. However, the standard errors in our study were within reasonable limits for most estimates. Only standard errors of two tests (MC 4 and MC 5) were considerably larger than the remaining standard errors. Smith et al. (2008) appraised that both mean square statistics (infit and outfit) worked stable to identify misfitting tests in small samples of at least 25 persons.
Implications
The findings have three main implications for clinicians. First, estimates for the difficulties of each movement control test were established. Second, estimates for person's ability could be calculated. Therefore, clinicians are able to precisely match the administration of movement control tests to the needs of their patients. For example, if the tests are used as a screening test for impaired movement control abilities only tests with test difficulties around a prespecified threshold value are needed in order to classify patients. If the aim is to closely evaluate a patient's progress than movement control test can be selected that precisely match M A N U S C R I P T
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14 the ability of the patient. Lastly, a summary score of the tests can be built without the danger of combining information of different constructs. However, because unidimensionality was not strictly confirmed in this study, two tests (MC_4 and MC_5) should not be included in the summary score.
With regard to implications for research there is a need for the design and evaluation of new more challenging movement control tests and the movement control tests MC_4 and MC_5
should be modified to better measure the underlying construct. Possibly panels with international experts can be used to respond to this challenge. Furthermore, measurement properties such as reliability indices (i.e. inter and intra-rater reliability and measurement error) and validity (e.g. known group validity) should be established for the created movement control tests. Lastly, structural validity of this new test battery (i.e. new set of tests) should be explored by the means of Rasch analysis in a considerable larger sample.
Conclusion
This investigation presented evidence of structural validity of a recently published set of 
